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$EVWUDFW²(QHUJ\ FRQVXPSWLRQ WUDIILF DGDSWDELOLW\ IDVW






DGDSWLYH DQG HQHUJ\HIILFLHQW PXOWLSDWKPXOWLFKDQQHO
)$(0 GDWD FROOHFWLRQ SURWRFRO )$(0 PDNHV XVH RI WKH
%DVNHWEDOO1HW7RSRORJ\SURSRVHGLQWKHOLWHUDWXUHLQZKLFK
DPXOWLSDUHQWPXOWLFKLOGFRQQHFWLRQWDEOHLVSUHHVWDEOLVKHG
DW HDFK QRGH HDFK QRGH LV DOVR SUHDVVLJQHG D UHFHLYLQJ
FKDQQHO ZKLFK LV GLIIHUHQW IURP WKRVH RI WKH QHLJKERULQJ
QRGHVVRDVWRHOLPLQDWHWKHWUDQVPLVVLRQLQWHUIHUHQFH'XULQJ
GDWDWUDQVPLVVLRQWLPHLVGLYLGHGLQWRGXW\F\FOHVDQGHDFK
FRQVLVWV RI WZR SKDVHV QDPHO\ GLVWULEXWHG LWHUDWLYH
VFKHGXOLQJ SKDVH DQG VORWEDVHG SDFNHW IRUZDUGLQJ SKDVH
7KH IRUPHU LV WR PDWFK SDUHQWV DQG FKLOGUHQ RI WKH HQWLUH
:61LQDGLVWULEXWHGPDQQHULQRUGHUWRGHWHUPLQHZKHWKHU
DQRGHVKRXOGEHLQXSORDGWRZKLFKSDUHQWGRZQORDGIURP
ZKLFK FKLOG RU VOHHS PRGH LQ D SDUWLFXODU VORW ZKLOH WKH
ODWWHU LV IRUQRGHV WR WDNHDFWLRQDFFRUGLQJ WR WKH VFKHGXOH
6LPXODWLRQVKRZVWKDWRXUSURWRFRO LVDEOH WRDFKLHYH ORZHU
HQHUJ\ FRQVXPSWLRQ GDWD UHOLDELOLW\ DQG ORZ ODWHQF\ HYHQ
GXULQJDKLJKWUDIILFORDG




QRGHV WKDW DUH GHSOR\HG LQ D ZLGH DUHD WR PRQLWRU
HQYLURQPHQW FRQGLWLRQV VXFK DV OXPLQRVLW\ WHPSHUDWXUH
KXPLGLW\ HWF >@ $ VHQVRU QRGH LV D VPDOO GHYLFH WKDW
FRQVLVWVRIWKUHHEDVLFFRPSRQHQWVDVHQVLQJVXEV\VWHPIRU
PRQLWRULQJ WKH HQYLURQPHQW FRQGLWLRQ D SURFHVVLQJ




XVHG WR VHQVH WKH HQYLURQPHQW FRQGLWLRQV IRUZDUG WKH
FROOHFWHGGDWDDQGUHOD\GDWD IRURWKHUV WR WKHVLQNQRGH
ZKLOHWKHVLQNQRGHLVWKHGHVWLQDWLRQRIWKHFROOHFWHGGDWD
IURPWKHVHQVRUQRGHV7\SLFDOO\GDWDDUHIRUZDUGHGIURP
VHQVRU QRGHV WR WKH VLQN WKURXJK PXOWLKRS
FRPPXQLFDWLRQV 7KH GDWD WUDQVPLVVLRQ DQG DJJUHJDWLRQ
FDQEHGRQHWKURXJKFHUWDLQURXWLQJSURWRFROVRUDOJRULWKPV
>@(DFKVHQVRUQRGHLVUHTXLUHGWRKDYHDSRZHUVXSSO\WR
SHUIRUP WKH SURJUDPPHG WDVN 7KLV SRZHU VRXUFH RIWHQ





,Q RUGHU WR SURORQJ WKH OLIHWLPH DQG PDLQWDLQ WKH
FRQQHFWLYLW\ RI :61 GLIIHUHQW WRSRORJLHV KDYH EHHQ
SURSRVHG LQ WKH OLWHUDWXUH )RU LQVWDQFH D QHZ WRSRORJ\
FDOOHG %DVNHWEDOO 1HW 7RSRORJ\ %17 >@ KDV UHFHQWO\
EHHQ GHVLJQHG IRU :61 WR DGGUHVV WKH URXWLQJ DQG
UHVLOLHQF\ LVVXHV :LWK UHIHUHQFH WR )LJXUHV  DQG  WKH






HDFKQRGHZLOOHVWDEOLVKDFRQQHFWLRQ WDEOHDQG WKLV WDEOH













SURWRFRO EDVHG RQ WKH %DVNHWEDOO 1HW 7RSRORJ\ )$(0
PDNHVXVHRIVORWDOORFDWLRQZLWKDGDSWLYHVFKHGXOHEDVHG
RQWUDIILFORDG,Q)$(0WLPHLVGLYLGHGLQWRGXW\F\FOHV






SUHVHQWV WKH UHODWHG ZRUN RQ HQHUJ\ VDYLQJ IRU :61
6HFWLRQ ,,, GHVFULEHV WKH PDLQ GHVLJQ RI RXU SURWRFRO




WXUQLQJ RII WKH UDGLR LV RQH RI WKH ZD\V WR VDYH HQHUJ\
+RZHYHU WKH LVVXH LVKRZDQGZKHQWR LQIRUPDQRGH WR







UDGLR PRGXOHV (DFK QRGH DFWLYDWHV LWV ZDNHXS UDGLR IRU
HYHU\ 7 VHFRQGV DQG WKHQ JRHV WR WKH VOHHS PRGH
SHULRGLFDOO\,IDQRGHLQWHQGVWRVHQGDSDFNHWWRDWDUJHW
QRGH LW VHQGVD VWUHDPRIZDNHXSEHDFRQ LQ WKHZDNHXS
FKDQQHOWRWKHWDUJHWQRGH7KHGUDZEDFNRIWKLVVROXWLRQLV
KRZHYHUWKHLQWURGXFWLRQRIDQRWKHUUDGLRZDNHXSUDGLR
RQ WKH VHQVRU QRGHV ZKLFK FRQVXPHV DGGLWLRQDO SRZHU
0RUHRYHU WKH VHQGLQJ QRGH QHHGV WR NHHS VHQGLQJ WKH
ZDNHXS EHDFRQ LI WKH WDUJHW QRGH GRHV QRW UHFHLYH WKH
EHDFRQDQGWKDWUHVXOWVLQWKHVHQGLQJQRGHFRQVXPLQJPRUH
HQHUJ\DQGLQFUHDVLQJODWHQF\$QRWKHUVROXWLRQLVXVLQJD







WUDQVPLVVLRQ VFKHGXOH RI HDFK QRGH LV GLYLGHG LQWR WZR
SDUWV OLVWHQLQJ DQG VOHHSLQJ $OO QRGHV DUH V\QFKURQL]HG
DQG SHULRGLFDOO\ ZDNHXS DQG VOHHS 7KH 5HTXHVWWR
6HQG&OHDUWR6HQG 576&76 PHFKDQLVP LV XVHG LQ 6
0$&WRDYRLGFROOLVLRQDQGKLGGHQQRGHSUREOHP'XULQJ
WKHOLVWHQLQJSHULRGDVHQGHUQRGHZLOOVHQGD576DQGZDLW
IRU WKH &76 UHSO\ IURP WKH WDUJHW QRGH ,I WKH VHQGHU
UHFHLYHVWKH&76UHSO\WKHVHQGHUVWDUWVWRVHQGGDWD(OVH
WKHVHQGHUQRGHDVVXPHVWKDWWKH576LVQRWUHFHLYHGE\WKH
WDUJHW QRGH DQG LW JRHV WR VOHHS XQWLO WKH QH[W OLVWHQLQJ
SHULRG $Q\ RWKHU QRGHV WKDW RYHUKHDU 576 RU &76 ZLOO
LPPHGLDWHO\JRWRVOHHSDQGZDNHXSIRUDVKRUWSHULRGRI
WLPHDIWHUWKHHQGRIWKHWUDQVPLVVLRQWLPH,IDQRYHUKHDULQJ





























VWDJJHUHG ZDNHXS WLPH FDQ EH VFKHGXOHG LI D QRGH LV
DOORZHGWRKDYHPXOWLSOHSDUHQWVDQGPXOWLSOHFKLOGUHQ
,QSDSHU>@WKHDXWKRUVXVHVPXOWLSDUHQWDSSURDFKWR
FUHDWH PXOWLSOH SLSHOLQH IRU IRUZDUGLQJ SDFNHWV :KHQ
SDUHQWQRGHVKDYHVLPXOWDQHRXVO\ZDNHXSWLPHWKHQRQHRI




VORWV WR VHQG SDFNHWV ,I WKH QRGH IDLOV WR VHQG D SDFNHW
GXULQJWKHFXUUHQWWLPHVORWLWFDQWU\WRUHVHQGWKHSDFNHW








(DFK GXW\ F\FOH RI RXU SURWRFRO FRQWDLQV WZR SKDVHV
QDPHO\ 6ORW $VVLJQPHQW DQG 'DWD 7UDQVPLVVLRQ )LUVWO\
6ORW $VVLJQPHQW LV SHUIRUPHG LQ RUGHU WR VFKHGXOH WKH
DFWLYLW\ RI HDFK QRGH LQ HDFK WLPH VORW LQ WKH 'DWD












GLIIHUHQW IURPDOOQHLJKERULQJQRGHV$OO QRGHVZLOO WKHQ




















SKDVHV ,Q WKH6ORW$VVLJQPHQWSKDVH WKHUH DUH WZR VXE
SKDVHV QDPHO\ ,WHUDWLYH 0DWFKLQJ  3DUHQW ,03 DQG
,WHUDWLYH 0DWFKLQJ  &KLOG ,0& LQ ZKLFK WKH LWHUDWLYH
PDWFKLQJ SURSRVHG LQ >@ LV PRGLILHG WR SHUIRUP VORW
DVVLJQPHQW7KHPDLQSXUSRVHRI LWHUDWLYHPDWFKLQJ LV WR
PDWFKSDLUVRI VHQGHUDQG UHFHLYHUDPRQJ WKHQRGHV LQ D
SDUWLFXODUVORW6LQFHDQRGHFDQSOD\DUROHDVDSDUHQWLQD
VORWEXWDVDFKLOGLQDQRWKHUVORWLWLVWKHUHIRUHQHFHVVDU\
WR KDYH WZR VORW DVVLJQPHQW VXESKDVHV IRU HDFK QRGH
)LJXUH  VKRZV WKH GHWDLOV RI DQ LWHUDWLYH PDWFKLQJ
VXESKDVHZKLFKFRQVLVWVRI WKUHHVWHSV55HTXHVW*




WKH QXPEHU RI VORWV QHHGHG ,I WKH FKLOG QRGH KDV PRUH
SDFNHWVWRVHQGWKHQLWFDQUHTXHVWIRUPRUHVORWV
*UDQW $ SDUHQW QRGH PD\ UHFHLYH UHTXHVW PHVVDJHV
IURPGLIIHUHQWFKLOGQRGHV,QWKLVVWHSWKHSDUHQWQRGHZLOO
FKRRVH LWVDYDLODEOHVORWVDQGUHSO\JUDQWPHVVDJHV WR WKH
HDFK RI LWV FKLOG QRGHV 7KH JUDQW PHVVDJH LQFOXGHV WKH
LQIRUPDWLRQRIWKHVHQGHU,'WKHUHFHLYHU,'DQGWKHVORWV
IRUWKHFKLOGQRGHVWRVHQGWKHLUSDFNHWV










LWHUDWLYH PDWFKLQJ VXESKDVH %HVLGHV HDFK QRGH KDV WZR
LWHUDWLYH PDWFKLQJ VXESKDVHV ZKLFK LV WKH LWHUDWLYH
PDWFKLQJ DV SDUHQW ,03 DQG WKH LWHUDWLYH PDWFKLQJ DV
FKLOG,0&$OOWKHVDPHOHYHOQRGHVZLOOEHLQWKHVDPH
SKDVH ,I OHYHO/QRGHVDUH LQ,03SKDVH WKHQDOORI WKH
QRGHV LQ OHYHO/ZLOOEH LQ ,0&SKDVH$OO WKHQRGHV
ZKLFKDUHLQWKH,0&SKDVHZLOOVWDUWWREURDGFDVWDUHTXHVW
PHVVDJHDQGWKHQIROORZWKHLWHUDWLYHPDWFKLQJVWHSVZKLFK
LV WR ZDLW IRU D JUDQW PHVVDJH DQG UHSO\ ZLWK DQ DFFHSW
PHVVDJHWRWDUJHWHGSDUHQWQRGH$IWHUWKHFXUUHQWLWHUDWLYH
PDWFKLQJSKDVHLVFRPSOHWHGWKHQWKHQRGHVZLOOVZLWFKWKH
PRGH RI LWHUDWLYH PDWFKLQJ )RU LQVWDQFH LI WKH FXUUHQW









DUH LQ WKH ,03 SKDVH DQG QRGH % LV LQ WKH ,0& SKDVH





DFFHSWV WKH VORWV WKDW SURYLGHG E\ QRGH $ $IWHU QRGH $
UHFHLYHGWKHDFFHSWPHVVDJHWKHQQRGH$DQG%DUHSDLUHG
DW VORW  DQG VORW  DV VKRZQ LQ )LJXUH  1RGH $ ZLOO
SHUIRUPGRZQORDGDQGQRGH%ZLOOSHUIRUPXSORDGDWVORW
DQGVORW1RGHVFDQWXUQRIILWV¶UDGLRIRUWKHUHVWRILGOH
VORWV LQ RUGHU WR VDYH WKH HQHUJ\ $IWHU WKH ILUVW LWHUDWLYH
PDWFKLQJSKDVHLVFRPSOHWHGWKHQHDFKOHYHORIQRGHVZLOO
























7KHUHIRUH PXOWLFKDQQHO DSSURDFK LV SHUIRUPHG WR
GLVWULEXWH RWKHU QHLJKERU QRGHV LQ RUGHU WR DYRLG IURP
FROOLVLRQDQGRYHUKHDULQJ)LUVWRIDOODOOWKHQRGHVZLOOKDYH
LWVRZQVHOHFWHGFKDQQHO7KLVFKDQQHOFDQQRWEHVDPHDV
WKH QHLJKERU QRGHV¶ FKDQQHO DQG DOVR WKH FKDQQHO RI WKH
SDUHQWRIQHLJKERUQRGHV$OO WKH FKLOGQRGHV DUH DEOH WR
NQRZWKHFKDQQHORILWVSDUHQWQRGH:KHQWKHFKLOGQRGH
ZDQWVWRVHQGDSDFNHWWRLWVSDUHQWQRGHWKHQLWZLOOVZLWFK
LWVFKDQQHO WR WKHSDUHQWQRGH¶VFKDQQHO$IWHU WKDWFKLOG
QRGHFDQVWDUWWRVHQGDSDFNHWWRWKHSDUHQWQRGHDQGWKH







7KH FRPELQDWLRQ RI PXOWLFKDQQHO GLYLVLRQ DQG VORW
DOORFDWLRQ LV DEOH WR SURYLGH D FROOLVLRQ IUHH GDWD














,Q WKLV VHFWLRQ WKH VLPXODWLRQ LV FDUULHG RXW E\ XVLQJ




7KH PHWULFV RI HQHUJ\ FRQVXPSWLRQ SDFNHW ORVV ODWHQF\
DQG WKH QXPEHU RI WUDQVPLVVLRQ DUH VHOHFWHG IRU WKH
FRPSDULVRQRIWKHSURSRVHGSURWRFRODJDLQVWPXOWLSLSHOLQH
VFKHGXOLQJ >@ DQG WKH SURSRVHG PXOWLSDWK ZLWK VLQJOH
FKDQQHOSURWRFRO06ZKLFKLVXVLQJWKHVWDQGDUGRI,(((





,Q WKH VLPXODWLRQQRGHVDUHJHQHUDWHGDQG UDQGRPO\
GLVWULEXWHG7KHQHWZRUNWRSRORJ\VWUXFWXUHLVVKRZQDVLQ
)LJXUH$OOWKHQRGHVZLOOSHULRGLFDOO\JHQHUDWHSDFNHWV
DQG VHQG WR WKH EDVH VWDWLRQ WKURXJK PXOWLKRS DQG
PXOWLSDWK:HDVVXPHDOOQRGHVWUDQVPLWWKHVDPHW\SHRI
GDWD SDFNHWV 7KH GXUDWLRQ RI RQH F\FOH LV FRQILJXUHG WR
 VHFRQGV IRU RXU SURWRFRO ZLWK PXOWLSLSHOLQH
VFKHGXOLQJ,QRXUSURWRFROWKHGXUDWLRQRILQWKHF\FOH
LVXVHGWRSHUIRUPWKHLWHUDWLYHPDWFKLQJSURFHVVWKHUHVWRI
WLPH LV XVHG IRU GDWD WUDQVPLVVLRQ ZKLFK FRQVLVW RI 
IUDPHV(DFKIUDPHFRQWDLQVVORWVZLWKVHFRQGV,Q
WKH PHDQWLPH WKH F\FOH RI PXOWLSLSHOLQH VFKHGXOLQJ LV




7KH UHVXOW LQ )LJXUH  VKRZV WKH DYHUDJH HQHUJ\
FRQVXPSWLRQLQ OHYHOQRGHV)URPWKHILJXUH WKHQRGHV
ZKLFKGRQRWLPSOHPHQWVOHHSSURWRFROFRQVXPHGWKHPRVW
HQHUJ\ 0XOWLSLSHOLQH VFKHGXOLQJ KDV WKH ORZHVW HQHUJ\
FRQVXPSWLRQHYHQZKHQWKHWUDIILFORDGLVLQFUHDVHG7KLVLV






)LJXUH  VKRZV WKH HQGWRHQG SDFNHW ORVV XQGHU
GLIIHUHQWWUDIILFORDG0XOWLSLSHOLQHVFKHGXOLQJKDVKLJKHVW
SDFNHWORVVUDWHZKHUHRXUSURWRFROKDVORZHVWSDFNHWORVV





ZKHQ WKH WUDIILF ORDG PRUH WKDQ  SDFNHW ORVV UDWH LV
VWDUWHG WR LQFUHDVH EHFDXVH HDFK QRGH LV UHDFKHG WKH
PD[LPXP WKURXJKSXW7KXV IXUWKHU LQFUHDVLQJ WKH WUDIILF
ORDGZLOOOHDGWRKLJKHUSDFNHWORVVUDWH2XUSURWRFROLVDEOH





































2XU SURWRFRO LV DEOH WR DFKLHYH WKH ORZHU HQHUJ\





PXOWLFKDQQHO GLYLVLRQ SURYLGHV D FROOLVLRQ IUHH GDWD
WUDQVPLVVLRQUHVXOWWKDWHDFKRIWKHQRGHFDQGLUHFWO\VHQG
RXW SDFNHW ZLWKRXW ZDLWLQJ D EDFNRII SHULRG DQG VHQVLQJ
FKDQQHO 7KXV WKH RXWJRLQJ WUDIILF ORDG RI HDFK QRGH LV
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